IMPORTANCE Clinicians would benefit from knowing the association of glaucomatous change in 2 eyes of the same patient.
T he binocular nature of open-angle glaucoma (OAG) has been documented, with a population-based study of Latino individuals 1 reporting that roughly half of those identified had the condition in both eyes. Chen and coauthors found that glaucoma may develop at different times 2 and progress at different rates between eyes of an individual. 3,4 To our knowledge, comparative information is lacking on timing of initial treatment and trajectory of disease between eyes of an individual with newly diagnosed OAG.
To address this knowledge gap, we assessed fellow eye (FE) information on patients whose study eye (SE) was treated for newly diagnosed OAG in the Collaborative Initial Glaucoma Treatment Study (CIGTS). Our aim was to investigate the incidence and timing of glaucoma treatment in FEs and predictors of FE treatment and to compare disease trajectories of FEs with SEs. When a patient is diagnosed with OAG that warrants treatment in only 1 eye, knowing characteristics of the initially untreated FE that are associated with progression and eventual treatment and knowing whether FE trajectory of disease is related to that of the initially diagnosed eye would be useful in follow-up of such eyes. This knowledge could prompt earlier FE intervention to reduce the risk of visual impairment due to glaucoma.
Methods
The CIGTS enrolled 607 participants with newly diagnosed OAG in 1 or both eyes at 14 clinical centers in the United States from 1993 to 1997. Participants were randomized to topical medications or trabeculectomy to treat their glaucoma and were followed up every 6 months through 2004. Follow-up visits included Humphrey 24-2 full-threshold visual field (VF) testing, Goldmann applanation tonometry, and best-corrected Early Treatment of Diabetic Retinopathy Study visual acuity testing to collect mean deviation (MD), intraocular pressure (IOP), and visual acuity, respectively. Although an SE was designated at baseline for bilaterally eligible participants, FEs were closely monitored and treated when protocol requirements for treatment eligibility were met or at the discretion of the treating physician. When both eyes were eligible, choice of SE was at the discretion of the treating ophthalmologist. The SE was almost always the worse eye on at least 1 clinical measure related to glaucoma (ie, IOP, MD, and cup-disc ratios; 603 of 607 eyes [99.3%]). Data for this study were analyzed between September 2012 and May 2018. This study was approved by the Investigative Review Board at the University of Michigan, and written informed consent was obtained from all participants.
Eligibility of an SE required 1 of 3 criteria to be met: (1) a qualifying IOP of 20 mm Hg or greater, a Humphrey 24-2 VF with 3 or more contiguous points on the probability plot at the less than 2.0% level, a glaucoma hemifield test outside normal limits, and optic disc change compatible with glaucoma; (2) a qualifying IOP of 20 to 26 mm Hg, a Humphrey 24-2 VF result with 2 or more contiguous points in the same hemifield on the probability plot at the less than 2.0% level, and glaucomatous optic disc damage; or (3) a qualifying IOP of 27 mm Hg or greater with glaucomatous optic disc damage. Fellow eyes meeting one of these eligibility requirements at baseline were treated, with allowance for physician discretion, along with the SE as randomized. If an FE did not meet eligibility at baseline, the treating ophthalmologist had the option to treat or not treat. When the decision was to treat the ineligible FE, the treatment given was to match the SE treatment. If the ophthalmologist elected not to treat the ineligible FE, the FE could subsequently be treated after it met one of the treatment criteria during follow-up or at the physician's discretion. Although requirements for FE treatment were well defined in the protocol, physician discretion or patient preference sometimes altered the choice and/or timing of treatment.
In participants bilaterally eligible at baseline, both SEs and FEs were started the randomized treatment and proceeded separately through the intervention sequence. If initial treatment failed to control IOP VF loss for a given eye, argon laser trabeculoplasty was administered. Subsequent inability to control IOP or VF loss led to treatment crossover (ie, trabeculectomy for those randomized to medication and medication for those randomized to trabeculectomy). Fellow eyes that became eligible during follow-up were started the first step of randomized treatment, not the current treatment of the SE. Further details on the CIGTS protocol have been described elsewhere.
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Patient demographic characteristics and baseline FE characteristics were summarized with means and standard deviations for continuous variables and with frequencies and percentages for categorical variables and were stratified by whether FEs received initial treatment at baseline, were eventually treated during follow-up when eligible, or were never treated. Tests for differences between initially, eventually, and never treated FEs were performed with analysis of variance and χ 2 tests. Linear regression was used to estimate disease tra- . Model results were adjusted for center effects. Model selection was performed using the method of best subsets with the score statistic as the selection criterion. 7 The proportional hazards assumption was assessed by testing covariate by time interactions; when significant, interaction terms were included in models. Results are presented as hazard ratios (HRs) and 95% CIs. A P value less than .05 was considered statistically significant, and all P values were 2-tailed. This investigation was a post hoc analysis of data from the CIGTS. SAS version 9.4 (SAS Institute) was used for all statistical analysis.
Results
Of the 607 included patients, 334 (55.0%) were male and 337 (55.5%) were white, and the mean (SD) age was 58.0 (10.9) years. A total of 291 of 607 FEs (47.9%) were initially treated along with the SE at baseline (Figure 1 The within-eye slopes of MD over time showed a strong positive linear correlation between SEs and FEs in the initially treated group (r = 0.73; P < .001) and eventually treated group (r = 0.71; P < .001), whereas FEs that were never treated showed slopes of MD that were less strongly correlated with those from the SEs (r = 0.34; P < .001) (eFigure 2 in the Supplement). The slope of IOP over time between SEs and FEs showed a similar trend, albeit with correlations of decreased magnitude (initially treated FE: r =0.57;P < .001; eventually treated FE: r = 0.24, P = .01; never treated FE: r =0;P = .98). For categories of SE slopes of MD and IOP, descriptive statistics of corresponding FE slopes are displayed in Table 2 by FE treatment categories. For FEs that were initially and eventually treated, slopes of MD followed the pattern on average as the slopes from SEs. In FEs that were never treated, slopes of MD were on average close to 0 dB per year no matter the severity of the corresponding SE slopes. Similar results were seen for IOP slopes between SEs and FEs, although the strength of the association in FEs that were eventually treated was more modest. The smoothed trend of MD over time before and after treatment in FEs that were eventually treated in relation to FEs that b Post hoc pairwise comparisons revealed significant differences between groups for initially vs eventually treated FEs.
c Post hoc pairwise comparisons revealed significant differences between groups for eventually vs never treated FEs.
d Post hoc pairwise comparisons revealed significant differences between groups for initially vs never treated FEs.
e Sample size reduced by 62 (10.2%) owing to missing data.
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were initially and never treated is shown in Figure 2A and B, respectively. Initially treated FEs presented with the worst MD, which remained stable over time (mean, −3.5 dB). Never treated FEs showed relatively stable MD over time (mean, −1.1 dB). In FEs eventually treated for glaucoma, MD began to decline in the 2 years before treatment, and once treated, these FEs showed stable MD over the remaining follow-up at the level seen in initially treated FEs. For IOP ( Figure 2C and D) , initially and never treated FEs again showed relatively stable levels over time, with never treated FEs having higher IOP (mean, 20 mm Hg) than initially treated FEs (mean, 17 mm Hg). In FEs eventually treated for glaucoma, IOP showed an increase in the 2 years before treatment and stabilized after treatment at a level slightly below that of initially treated FEs (mean, 16 mm Hg). Figure 3 displays Kaplan-Meier curves showing probabilities of FE treatment for glaucoma by time since randomization for both the entire sample (n = 607) and FEs not initially treated (n = 316). In all 607 FEs, the probability of being treated at baseline was 0.48. The cumulative probability of FE treatment at 1, 3, 5, and 7 years after randomization was 0.57, 0.61, 0.65, and 0.68, respectively. In the 316 initially untreated FEs, the probability of FE treatment at 1, 3, 5, and 7 years was 0.17, 0.25, 0.33, and 0.39, respectively.
Patient characteristics significantly associated with time to treatment of initially untreated FEs included older age and hypertension. For every 10-year increase in age, the hazard of FE treatment increased by 33% (HR, 1.33; 95% CI, 1.08-1.64; P = .007). Hypertension was associated with a 76% increase in the hazard of FE treatment (HR, 1.76; 95% CI, 1.16-2.67; P = .008). Time-varying FE characteristics that were significantly associated with treatment included higher IOP and cup-disc ratio. For every 1-mm Hg increase in IOP, the hazard of treatment increased by 24% (HR, 1.24; 95% CI, 1.20-1.29; P < .001); every 0.1 increase in vertical cup-disc ratio was associated with an increase of 40% in hazard of treatment (HR, 1.40; 95% CI, 1.23-1.58; P < .001). For these variables, the proportional hazards assumption was met.
The association of MD with the hazard of treatment in initially untreated FEs changed over time from randomization. Specifically, initially worse MD was associated with an increased hazard of FE treatment. This hazard further increased over time (interaction P = .04). For example, compared with an MD of 0 dB at baseline, a 1-dB worse MD was associated with a 12%, 18%, 24%, and 31% increased hazard of FE treatment at 1, 3, 5, and 7 years after randomization, respectively. A 3-dB worse MD was associated with a 42%, 
Discussion
Although ophthalmologists participating in the CIGTS selected an SE for randomization and glaucoma treatment, FE treatment could start at baseline or follow-up according to protocol requirements or by physician discretion. Nearly half of FEs began treatment at baseline, and 68% of FEs received treatment by 7 years. While OAG usually affects both eyes, it may present in each eye at different times. In the Early Manifest Glaucoma Trial, 8 24% of participants had both eyes diagnosed with OAG at baseline, which is half of the 48% we found in participants of the CIGTS. This difference is likely because the Early Manifest Glaucoma Trial excluded people with advanced VF defects at diagnosis, 8 whereas CIGTS did not exclude based on VF findings. If those with more advanced SE OAG are more likely to develop FE OAG, such a difference would result. The 48% of patients we identified with newly diagnosed bilateral OAG is similar to results found by Varma et al 1 in the Los Angeles Latino Eye Study, which reported that 47% of participants had evidence of bilateral OAG in their study of prevalent OAG among Latino individuals. The study participants were older and had more severe MD compared with participants in the CIGTS, which would imply more bilateral disease than we observed. However, in the CIGTS, treatment of borderline FEs by physician discretion at baseline may have inflated the number with bilateral treatment. We found a strong positive linear correlation between SEs and FEs in the slope of MD over time both for the initially treated group (r = 0.73; P < .001) and eventually treated group (r = 0.71; P < .001). For IOP, correlations were of decreased magnitude (initially treated FE: r =0.57;P < .001; eventually treated FE: r = 0.24; P = .01). Chen and Park 2 reported a correlation of 0.29 (P = .04) for VF progression between SEs and FEs in 48 patients observed with initially unilateral VF loss from OAG. In a subsequent study of 152 patients undergoing treatment for bilateral OAG, Chen 4 reported a between-eye correlation for VF progression of 0.35 (P < .001).
We identified 316 initially untreated FEs, among which 33% were treated by 5 years. Chen and Park 2 identified VF progression in only 3 FEs among 48 patients with initially unilateral VF loss from OAG. Their Kaplan-Meier estimate of FE progression at 5 years was 7.2%, which is much lower than the 33% with FE treatment we report. This difference relates to the more stringent criteria imposed by Chen and Park, 2 who required VF progression in the FE, whereas our risk relates to initiation of treatment for a number of possible reasons, including increased IOP or worsening VF. The baseline predictors of subsequent FE treatment for the 316 FEs not treated at baseline included clinical measures common to glaucoma assessment-higher IOP, worse MD, and larger vertical cup-disc ratio. The associations of these factors with FE treatment for glaucoma are consistent with previous studies addressing risk factors for glaucoma, 9-14 as is older age. The association of a modifiable factor, hypertension, with FE treatment for glaucoma lacks consistency in prior reports. Quigley et al 9 did not find hypertension to be associated with development of glaucomatous VF loss among participants with ocular hypertension, whereas results from the Blue Mountains Eye Study 15 showed a 50% increased risk of OAG among people with hypertension. A caveat to our hypertension finding is our lack of blood pressure measurements, which prevented assessment of the reported association of low diastolic perfusion pressure (the difference between diastolic blood pressure and IOP) with risk of OAG.
10,16,17
Among factors we found were not associated with FE treatment for glaucoma were 2 that have been found to be associated with an increased risk of glaucoma in prior studies: family history of glaucoma 18, 19 and black race. 20 An immediate family history of glaucoma was reported by 201 participants in the CIGTS and 231 reported their race as black, so we had a robust sample to evaluate these factors. Family history of glaucoma lacked predictive significance for FE treatment in univariate and multivariable analyses. Although we found that black patients were more likely to have their FEs initially treated than white patients and patients of other races (55% vs 44%, 11 where the effect of race on onset of primary OAG was significant in univariate analysis but did not show an independent association with the onset of primary OAG after adjustment for vertical cup-disc ratio and central corneal thickness.
Strengths and Limitations
Data collected on participants of the CIGTS for investigating time to FE treatment provided several strengths. Participants were newly diagnosed with OAG, followed up with every 6 months, and examined by certified staff according to a detailed protocol, and data on both eyes were collected. The longitudinal nature of our study permitted us to evaluate associations that took into account intervisit dependencies in variables, such as IOP and MD. However, our study had limitations. The time of day at which IOP measurements occurred was not standardized. Our FE treatment information cannot be claimed to reflect a diagnosis of OAG, as ophthalmologists in the CIGTS were permitted discretion in when to initiate treatment of the FE. This discretion could mean some FEs were treated that had ocular hypertension and some were not treated that had early OAG.
Conclusions
Among the characteristics that were significantly associated with an increased risk of FE treatment, 2 modifiable factors were identified: hypertension and higher IOP. The substantial incidence of treatment for the FE of patients in whom the treating physician decided only 1 eye needed treatment initially, and the synchrony between trajectories of clinical change in initially treated and untreated eyes, support the need for close follow-up of such patients. Attention to not only IOP but also hypertension may reduce the risk of FE treatment. 
